THE USE of the eoliform bacteria-Escherichia and Aerohacter-as indicators of the sanitary quality of water and other foods, food-production plants, and eating establishments, has been advocated for many years. Furthermore, the importance of these bacteria as agents of spoilage of such dissimilar food products as candy, cheese, cucumber pickles, dehydrated vegetables, maple sirup, olives, and potassium bitartrate (cream of tartar), has been recognized. It has, therefore, become increasingly necessary to distinguish between the two genera of eoliform bacteria, especially when confronted with a problem which may involve certain aspects of sanitation as well as spoliation of a food.
T A B L E 1 R E L A T I V E S E N S I T I V I T Y O F S E V E R A L R E A G E N T S FOR T H E V O G E S -P R O S K A U E R T E S

REAGENTS FOR DETERMINING THE PRESENCE OF ACETOIN
Criteria for any efficient, routine Voges-Proskauer test require that it be sensitive, simple to prepare, easy to use, and rapid in action. All attempts to modify the original Voges and Proskauer test have striven to meet these requirements. Nevertheless, divergence of opinion concerning the merits of various modifications of the Voges-Proskauer test still persists.
Therefore, a study was made of the relative sensitivity and rate of reaction of several reagents used for the Voges-Proskauer test. These included two new reagent mixtures-modifications of the Batty-Smith and the Barritt reagents ; their composition is as follows :
Modified Batty-Smith reagent : 3 ml of 5 per cent α-naphtliol in absolute alcohol, 0.1 ml of 2 per cent FeCl 3 -6 H 2 0, and 1 ml of 40 per cent KOH containing 0.25 per cent creatine ; used with 5 ml of test solution. Modified Barritt reagent: 1.3 ml of α-naphthol-creatine-KOH solution containing 10 parts of 5 per cent a-naphthol in absolute alcohol and 3 parts of 40 per cent KOH containing 2.5 per cent creatine; used with 1 ml of test solution.
The relative sensitivity of the reagents was determined by testing them with redistilled acetoin contained in Difco methyl red-Voges-Proskauer medium. Observations on the eight reagents are shown in table 1.
When sensitivity alone is considered, there is evidently little choice between the Barritt (1936) 4 test and the modifications of the Batty-Smith (1941) and Barritt tests made by the present authors. If, however, the approximate times for maximum color development are compared, the modified Barritt test is seen to be significantly better.
It is obvious that the earlier modifications are of poorer sensitivity and slower to react. Although the Leifson (1932) reagent is more sensitive than the Werkman (1930) , or standard KOH reagents (American Public Health Association, 1936) , the Biuret reactions which result from its use tend to obscure positive tests for acetoin.
The use of ferric chloride, either dropwise or in accurately measured amounts, also tends to obscure positive tests for acetoin. This objection is particularly valid in cases where the concentration of acetoin is barely within the limits of sensitivity of the Voges-Proskauer reagent used for its detection.
A comparison of the reaction time of the Barritt, modified Barritt, and modified Batty-Smith reagents with standard KOH and the modified O'Meara (Levine, Epstein, and Vaughn, 1934) reagent, when used to detect the pro duction of acetoin by Aerobacter cultures, is shown in table 2.
The desirability of the reagents using a-naphthol (Barritt, modified Barritt, and modified Batty-Smith) is obvious. However, of the three, the modified Barritt reagent is believed to be the best. The rate of color development is consistently rapid and reaches maximum visual intensity within 1 to 5 minutes. Only one reagent is added to the culture ; this fact is distinctly advantageous when many tests must be made. Furthermore, the reagent mixture is stable enough to be stored for some weeks at 0° C without impairing its reactivity, as is shown in table 3. [Vol. 18, No. 9 Since, however, the reagent mixture does deteriorate on storage, even at 0° C, the a-naphthol and creatine-KOH solutions may be stored separately and mixed just before use. The alcoholic a-naphthol will keep for at least 2 months if stored in a tightly stoppered flask in the refrigerator, at 0° to 10°. Despite * Test culture was Aerobacter cloacae 'grown in Difco M.R.-V.-P. medium for 1 day at 30° C. t The reagent was prepared by mixing 3 parts of creatine-KOH solution with 10 parts of a-naphthol solution. The a-naphthol solution contained 5 grams of a-naphthol made to 100 ml with absolute ethyl alcohol. The creatine-KOH solution contained 2.5 grams of creatine in 100 ml of 40 per cent KOH. The reagent was used in the proportion of 1.3 ml of reagent to each ml of culture.
» The V.-P. reaction was + + + + positive after 30 minutes.
previous criticisms of the keeping quality of creatine-KOH solutions, they remain stable for at least a month if stored under refrigeration at 0° to 10°. The creatine-KOH solution especially is to be recommended. It affords the only means of accurate control of creatine added to the reaction mixture and On the basis of these results and considerable use in the laboratory, it is believed that the modification of the Barritt reagent made by the authors most nearly meets all requirements for an ideal Voges-Proskauer reagent for routine use. The sensitivity is equal to any Voges-Proskauer reagent now commonly used for detecting acetoin production by bacteria, and the reaction is faster. It is simple to prepare, and easier to use because only one solution is needed. It contains no chemical which tends to obscure a positive test. 
THE EFFECT OF pH OF THE MEDIUM ON THE PRODUCTION OF ACETOIN
It is apparent from a study of the literature that the p H (reaction) of the medium must influence the production of acetoin by cultures of Aerobacter although the extent of effect is not clear. The results reported by Mickelson and Werkman (1938) and Banerjea (1944) indicate a definite effect of p H on production of acetoin by cultures of A. aerogenes, although not so striking as those reported by Silverman and Werkman (1941) . The latter investigators found that cell-free enzyme prepared from a culture of A. aerogenes had a definite optimum pH range for acetoin production and a pH value above which its production was suppressed.
A study was made of the effect of pH on the ability of Banerjea (1944) and Smith, Gordon, and Clark (1946) have suggested that phosphate in the medium suppressed the number of positive Voges-Proskauer reactions, although phosphate as di-basic potassium phosphate is a constituent of the M.R.-V.-P. medium most widely used the world over. Others, including Reynolds and Werkman (1937) , Kluyver and Molt (1939) , and Sakaguchi and Tada (1940) ,,preferred to control p H values of their media with carbo nate salts. A study was therefore made of the effect of carbonate salts used to control pH, on acetoin production. The results with carbonate salts (calcium, magnesium, and zinc) also show that if the intermediate and terminal pH values are controlled at or near the initial value, the pH has an important effect on acetoin production ; these results thus confirm the data obtained with phosphate and citric acid and phosphate buffers and again substantiate with growing cultures the observations of Silverman and Werkman (1941) on the effect of pH on enzymatic acetoin production. 
THE EFFECT OF AIR SUPPLY ON PRODUCTION OF ACETOIN
When continuous shaking was used to facilitate control of pH with insoluble carbonate salts it was noted that the resulting aeration suppressed acetoin production by some cultures of Aerohacter aerogenes. Consequently, a more detailed study was made to determine whether the effect noted was the result of aeration or some other factor. Results of one aeration experiment with Difco M.R.-V.-P. medium are shown in table 5 .
It has been assumed for some years that aerobic conditions (that is, aera tion) favor the production of acetoin by cultures of Aerohacter as claimed by O'Meara (1931), Reynolds and Werkman (1937) , Mickelson and Werkman (1938) and others. Nonetheless, it is quite evident that, under the conditions of this experiment at least, aerobic conditions suppressed rather than favored the production of acetoin, particularly by cultures of A. aerogenes.
Several characteristic types of cultures were found on the basis of their ability to produce acetoin. These types are shown in table 6.
Further proof that aeration adversely influenced acetoin production by cultures of Aerohacter was obtained by use of the aeration apparatus shown v_y κ^ in figure 1 . In experiments with this apparatus it was possible to aerate the inoculated medium by compressed air so that all or any desired portion of the medium was continuously and vigorously aerated. Those cultures of A. aerogenes and A. cloacae that showed negative or weak Voges-Proskauer re- actions when continuously and completely aerated by shaking showed negative reactions when completely aerated with this apparatus. These same cultures showed strongly positive reactions when only partially aerated. Other cultures whose reaction was not affected by aeration by shaking were not influenced by vigorous and complete aeration with this apparatus. Although complete explanation of the effect of aeration on acetoin produc tion must await final quantitative studies, it is believed that the striking effect of aeration on some cultures and not others is the result of their differences in ability to decompose acetoin. It is well known that growing cultures of colif orm bacteria decompose acetoin, as has been shown by Paine (1927 ) , Williams and Morrow (1928), and Tittsler (1938) , although it is not clear whether de composition was effected under aerobic or anaerobic conditions. However, more recently Stanier and Fratkin (1944) A few (O'Meara, 1931; Reynolds and Werkman, 1937; Kluyver and Molt, 1939 ; and Sakaguchi and Tada, 1940) have demonstrated the production of positive Voges-Proskauer reactions by species of Escherichia, but an over whelming majority of others have not been so successful.
A study of the literature reveals that workers who demonstrated acetoin production by Escherichia coli and related species used media significantly different from those prescribed as "standard" by the American Public Health Association (1936) and the Ministry of Health (1939) . O'Meara (1931) used a synthetic medium which contained 1 per cent sodium f umarate in addition to the customary 0.5 per cent glucose. Other media used successfully for demonstration of acetoin production (positive Voges-Proskauer reactions) by species of Escherichia commonly contained four to eight times the recom mended concentration of glucose and from 1 to 2 per cent of sodium bi carbonate or calcium carbonate in addition to other salts not specified as constituents of the standard medium.
It was realized that the composition of the medium might have as marked an effect on the production of positive Voges-Proskauer reactions by species of Escherichia as do the constituents of the medium on hydrogen sulfide pro duction by these bacteria, as previously shown by Vaughn and Le vine (1936 ) . Therefore experiments were conducted to determine the effects of concentra tion of glucose and the use of several insoluble carbonate salts on the produc tion of acetoin by cultures of Escherichia. Results are shown in table 7.
The concentration of glucose, the presence of various carbonate salts and fumarate (O'Meara media) do have an effect on the ability of species of Escherichia to produce positive Voges-Proskauer reactions. Forced aeration of the growing cultures was not necessary in order to demonstrate positive 366 Eilgardia [Vol. 18, No. 9 Voges-Proskauer reactions by the test cultures, although it was so specified by Reynolds and Werkman (1937) , and Kluyver and Molt (1939) . Since the constituents of the standard medium do not include carbonate salts or fumarate and the glucose concentration is specified as 5 grams per liter, it is quite apparent that the conflicting views concerning the production of positive or negative Yoges-Proskauer reactions by Escherichia cultures result primarily from variations from the "standard" both in composition and concentration of constituents of the me_dium used by those observing positive Voges-Proskauer reactions with Escherichia cultures.
DISCUSSION
It is evident that the genera Escherichia and Aerohacter are more closely related than once realized because it is true that E. coli and related species do produce acetoin (positive Voges-Proskauer reactions) in certain culture media. It is equally true that cultures of Aerohacter fail to produce acetoin in culture media under certain conditions. However, it is apparent from the data presented here and elsewhere that the concentration of acetoin produced by cultures of Escherichia is small and related in some manner to the amount of glucose and the presence of other compounds, as carbonates and fumarate in the medium. Furthermore, if "standard" media are used, the amount of acetoin produced by species of Escherichia generally is not detectable quali tatively, even with the very sensitive a-naphthol Voges-Proskauer reagents, without first subjecting the medium to chemical treatment and distillation.
Therefore, the demonstration that members of the genus Escherichia do produce acetoin under certain conditions does not detract from the value of the Voges-Proskauer test if performed under standardized conditions.
A similar situation exists with respect to the ability of colif orm bacteria to produce hydrogen sulfide. As shown by Vaughn and Levine (1936) , the ma jority of the colif orm bacteria produce H 2 S from proteose peptone (Difco) in a liquid medium. Yet if the medium contains 1.5 per cent agar in addition to proteose peptone and ferric citrate (Levine, Vaughn et al., 1932) , only cul tures of Escherichia freundii produce positive H 2 S, reactions and so the me dium can be used for differential purposes.
SUMMARY AND RECOMMENDATIONS
The results described here have shown that the reagents used for deter mining the Voges-Proskauer test vary widely in sensitivity and speed of reaction ; that the pH of the medium, if controlled by buffers, does materially influence the ability of cultures of Aerohacíer to produce acetoin ; that aera tion hinders rather than favors acetoin production by cultures of A. aerogenes, whereas aerobic or anaerobic conditions have little effect on acetoin production by the majority of the cultures of A. cloacae; and finally, that the concentra tion of constituents and the composition of the medium markedly influence the ability of cultures to produce positive Voges-Proskauer reactions.
As a result of these investigations and other knowledge which has accumu lated in the literature, the following recommendations are made for deter mining the Voges-Proskauer reaction of colif orm bacteria :
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